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ASSIGNING TECHNIQUE FOR A SCHEDULING SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATION 

This application incorporates by reference and claims the benefit of U.S. 
Provisional Application No. 60/193,834 filed March 31, 2000; U.S. Provisional Application No. 
60/193,917, filed March 31, 2000; U.S. Provisional Application No. 60/193,832, filed March 31, 
2000; U.S. Provisional Apphcation No. 60/193,705, filed March 31, 2000; and U.S. Provisional 
Application No. 60/193,833, filed March 31, 2000. 

TECHNICAL FIELD 

The technical field relates generally to scheduhng. More particularly, it pertains 
to assigning an order to an opening in the schedule within a predetermined period of time. 

COPYRIGHT NOTICE - PERMISSION 

A portion of the disclosure of this patent document contains materials which are 
subject to copyright protection. The copyright owner has no objection to the facsimile 
reproduction by anyone of the patent document or the patent disclosure as it appears in the Patent 
and Trademark Office patent files or records, but otherwise reserves all copyright rights 
whatsoever. The following notice applies to the software and data as described below and in the 
drawings attached hereto: Copyright © 2001, MDSI Mobile Data Solutions Inc., All Rights 
Reserved. 

BACKGROUND OF THE INVENTION 

Suppose that to schedule a desired service to be performed, a customer calls a 
service organization to place an order for the desired service. The customer may be kept on the 
phone for an undesirably long period of time while the service organization searches the schedule 
in an attempt to fit the order into the schedule. To avoid annoying the customer, some service 
organizations do not search the schedule while the customer is on the phone, but simply accept 
the order and dump it into a time bucket without scheduling the order to a particular shift of a 
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worker. The night before the order is to be performed, the service organization executes a batch 
process that assigns orders to various workers. 

The approach as described above hmits the ability of a customer to specify his 
preferences in regard to when and how the order is to be performed. The customer is unable to 
select a desired appointment window or a desired worker with a set of desired skills. As the 
expectations of customers have increased over time, scheduling systems that fail to meet 
increased customer expectations may result in customer dissatisfaction and lead to the eventual 
lack of acceptance in the marketplace. Thus, what is needed are systems and methods for 
enhancing the scheduling process that allow customers' increased expectations to be met. 

SUMMARY OF THE INVENTION 

An illustrative aspect of the invention includes a method for assigning an order to 
an opening in a schedule after a customer has selected an appointment window in the schedule. 
The opening and the appointment window are specified. The method includes generating a list 
of schedulable time blocks for a shift identified in the opening; intersecting the opening and the 
appointment window to obtain a time range; and choosing the opening to assign the order if a 
schedulable time block from the list of schedulable time blocks includes the opening, and 
wherein the opening is within the time range obtained by the act of intersecting. 

Another illustrative aspect of the invention includes a method for assigning an 
order to a schedule after a customer has specified an appointment window in the schedule. The 
method includes checking a Hst of openings for overlap with the appointment window; 
generating a list of schedulable time blocks in a shift if there is no overlap; and assigning the 
order to the schedule if there is an opening in the list of openings that overlaps with the 
appointment window or an opening in the Ust of schedulable time blocks that overlaps with the 
appointment window. 
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Figure 1 is a block diagram of a system showing the relationship between a 
service organization, a scheduhng system, mobile service representatives, and customers 
according to one aspect of the present invention. 

Figure 2 is a block diagram of a scheduling system according to one aspect of the 
present invention. 

Figure 3 is a process diagram of a method for finding an opening in a schedule to 
fit an order to a shift of a worker and assigning the order to the opening according to one aspect 
of the present invention. 

Figure 4 is a process diagram of a method for determining the type of information 
that is available in order to assign an order to an opening in a schedule according to one aspect of 
the present invention. 

Figure 5 is a process diagram of a method for assigning aa order to an opening in 
a shift where both the appointment window and the opening are specified according to one aspect 
of the present invention. 

Figure 6 is a process diagram of a method for assigning an order to an opening in 
a shift where the appointment window is specified according to one aspect of the present 
invention. 

Figure 7 is a process diagram of a method for assigning an order after an opening 
in a schedule has been found according to one aspect of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In the following detailed description of exemplary embodiments of the invention, 
reference is made to the accompanying drawings, which form a part hereof, and in which are 
shown, by way of illustration, specific exemplary embodiments in which the invention may be 
practiced. In the drawings, hke numerals describe substantially similar components throughout 
the several views. These embodiments are described in sufficient detail to enable those skilled in 
the art to practice the invention. Other embodiments may be utilized and structural, logical, 
electrical, and other changes may be made without departing from the spirit or scope of the 
present invention. The following detailed description is, therefore, not to be taken in a limiting 
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sense, and the scope of the present invention is defined only by the appended claims. The 
present application incorporates by reference the following reference: Guy Dmce, Level- 1 
Algorithm , v. 1.6 (December 4, 2000). 

Figure 1 is a block diagram of a system 1 00 according to one aspect of the present 
invention. The system 100 includes a service organization 102. The service organization 102 
performs services for a roster of customers 108. When a customer 108 is interested in having a 
service performed by the service organization 102, the customer 108 calls the service 
organization 102 to make a reservation for the service performed. 

Using the scheduling system 104, the service organization 102 negotiates with the 
customer 108 to place a reservation in a schedule. The scheduling system 104 provides to the 
service organization 102 several appointment windows from which the customer 108 may 
choose. The customer 108 selects an appointment window in which the service requested will be 
performed. 

During the negotiation, the scheduling system 104 makes preliminary assignment 
to one or more mobile service providers 106. A mobile service provider 106 is one who is 
capable of performing the service requested by the customer 108. Each time a reservation is 
placed, the scheduling system 104 accounts for many factors in assigning the reservation to a 
mobile service provider 106, such as time availability, skill sets, geographic area, duration of 
each job, travel times between jobs, and equipment requirements. As customers 108 place more 
reservations for services, the scheduling system 104 periodically optimizes the schedule by 
relocating reservations assigned to a single mobile service representative or swapping 
reservations between different mobile service representatives. 

The scheduUng system 104 can be implemented over one machine or several 
machines with different processors. This allows the scheduling system 104 to be scalable 
depending on the needs of the service organization 102. The scheduling system 104 is also 
configurable. This allows the scheduHng system 104 to meet different constraints and objectives. 
In one embodiment, the scheduling system 104 is implemented over Common Object Request 
Broker Architecture (CORBA). In another embodiment, the scheduling system 104 is 
implemented using a database, such as an Oracle database. 
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Figure 2 is a block diagram of a scheduling system 200 according to one aspect of 
the present invention. The scheduling system 200 is similar to the scheduling system 104 of 
Figure 1. The scheduUng system 200 includes a finder 202. When a customer calls the service 
organization to place an order for service, the finder 202 finds one or more openings in the 
schedule in which the order may fit. Recall that prior systems may take a prohibitively long 
period of time to find openings in the schedule, hi contrast, the embodiments of the present 
invention through the implementation of the finder 202 return one or more openings within a 
predetermined amount of time so that the customer need not wait on the phone for an undesirably 
long period of time. 

After the finder 202 finds one or more openings, the negotiator 204 may present 
these openings as appointment windows to the service organization. The service organization 
can discuss these appointment windows with the customer and negotiate with the customer to 
select an appointment window to perform the service in accordance with the order. The 
customer may make specific demands, such as a request for a particular worker to perform the 
service or a request for a particular set of skills in the performance of the service. The finder 202 
can find openings in the schedule associated with a particular worker. 

When the customer has selected an appointment window, the assigner 206 
proceeds to assign the order to the opening associated with the appointment window. When the 
order is assigned, the optimizer 208 optimizes the schedule so as to accommodate additional 
orders. In one embodiment, the optimizer 208 defragments the available spaces in a shift to fit 
additional orders in the shift. 

Figure 3 is a process diagram of a method 300 for finding an opening in a 
schedule to fit an order to a shift of a worker according to one aspect of the present invention. 
The method 300 begins with an act 302 for generating a list of shifts. The act 302 generates the 
list of shifts using a window over the schedule. The window helps to control the amount of 
information to find each shift in the list of shifts. Each shift in the list of shifts may contain 
enough time to accommodate the order. 

The method 300 includes an act 304 for generating a Ust of virtual free time 
blocks. The hst of virtual free time blocks is generated for a shift of a worker. A virtual free 
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time block is an amount of time that could be used to fit an order by bumping one or more 
contiguous orders within a shift. The term "free time block" means a block of free time between 
the end of the work on one order and the start of travel to another order. Thus, by bumping one 
or more contiguous orders within a shift, a virtual free time block may accumulate enough free 
time to fit an order into the shift. The term "contiguous" means next to or near in time or 
sequence. 

The method 300 includes an act 306 for iterating through each shift in the list of 
shifts generated in the act 302. The act 306 allows a set of acts to execute for each shift in the 
Ust of shifts. This set of acts help to find one or more openings in the hst of shifts so as to fit an 
order into the schedule for a customer. Recall that the Hst of shifts is generated from a window 
over the schedule to control the amount of information that must be processed to find one or 
more openings. This set of acts is described in greater detail hereinbelow. 

The method 300 includes an act 308 for iterating through each virtual free time 
block from a list of virtual free time blocks. The list of virtual free time blocks is generated from 
the act 304 for each shift in the list of shifts generated in the act 302. hi one embodiment, each 
virtual free time block is a free time block. Another abstraction of the free time block called a 
schedulable time block keeps track of the virtual free time blocks that can be gathered to fit an 
order into a shift. The schedulable time block is discussed in greater detail hereinbelow. 

The act 308 allows a set of acts to execute for each virtual free time block in the 
list of virtual free time blocks. This set of acts help to identify whether the virtual free time 
block is a candidate to become an opening in the shift so as to fit an order. The combination of 
act 306 and act 308 searches through the hst of shifts and the virtual free time blocks in the hst of 
shifts for one or more openings to fit an order. 

The method 300 includes an act 310 for finding an opening. The act 310 
comprises other acts that are executed to find one or more openings to fit an order. The act 310 
is iterated by the act 308 for each virtual free time block in the Ust of virtual free time blocks and 
by the act 306 for each shift in the Hst of shifts. 

The method 300 also includes an act 312 for assigning an order. When one or 
more openings are found, these openings are presented to a customer. The customer selects a 
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desired opening. The act 312 attempts to assign the order to the opening. If the order is 
successfully assigned to the opening, the order is assigned to a shift of a worker. On the 
appointed date and time, the worker proceeds to perform the service as specified in the order. 

Figure 4 is a process diagram of a method 400 for determining the type of 
information that is available in order to assign an order to an opening in a schedule according to 
one aspect of the present invention. The method 400 discusses the act 312 of Figure 3 in greater 
detail. 

The method 400 begins at an act 402. The act 402 verifies whether an 
appointment window has been specified and whether an opening has been specified. If both of 
these are specified and the customer wishes to commit the order to the opening, the method 400 
progresses to an act 404. Otherwise, the method 400 progresses to an act 406. 

The act 404 assigns the order to the opening if both the appointment window and 
the opening are specified. The discussion proceeds to Figure 5 so as to explain the act 404 in 
greater detail. Figure 5 is a process diagram of a method 500 for assigning an order to an 
opening in a shift where both the appointment window and the opening are specified according to 
one aspect of the present invention. The method 500 begins at an act 502. 

The act 502 generates a list of schedulable time blocks that could be used for the 
order. Each schedulable time block is derived fi*om the shift into which the order is to be 
assigned. A schedulable time block is a range of time comprising any combination of free time 
blocks or any combination of free time blocks and virtual fi-ee time blocks. The method 500 then 
progresses to an act 504. 

The act 504 intersects the opening and the appointment window to obtain an 
intersection. The intersection defines a time range. If there is no intersection, then there has 
been an error, and the method 500 terminates its execution. Otherwise, the method 500 proceeds 
to an act 506. 

The act 506 finds a schedulable time block in the list of schedulable time blocks 
that includes an opening that falls within the time range computed in the act 504. The opening 
found by the act 506 is then chosen for assigning the order. If no opening can be found in the list 
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of schedulable time blocks, then the desired opening has ab*eady been used up by the scheduhng 
system, and the method 500 terminates its execution. 

Returning to the method 400, the method 400 progresses to the act 406. The act 
406 is executed when the appointment window is specified but not the opening. If the 
appointment window is specified and the customer wishes to commit the order to an unspecified 
opening, the method 400 progresses to an act 408. Otherwise, the method 400 terminates its 
execution. 

The act 408 assigns the order to an opening if the appointment window is 
specified and the opening is not be specified. The discussion proceeds to Figure 6 so as to 
explain the act 408 in greater detail. Figure 6 is a process diagram of a method 600 for assigning 
an order to an opening in a shift where the appointment window is specified according to one 
aspect of the present invention. The method 600 begins at an act 602. 

The act 602 verifies that a hst of openings is available. If the list is available, the 
act 602 checks each opening for overlap with the appointment window. If there is an overlap, 
then the opening may be a candidate to fit the order, and the method 600 terminates. Otherwise, 
the method 600 progresses to an act 604. 

The act 604 generates a hst of schedulable time blocks on a shift-by-shift basis. 
Each schedulable time block may contain an opening that overlaps with the appointment window 
that was specified. An act 606, which follows the act 604, examines each opening in the list of 
schedulable time blocks for overlapping with the appointment window. If an opening is found 
that overlaps with the appointment window, then the order is assigned to the opening, and the 
method 600 terminates its execution. Otherwise, if an opening cannot be found, the act 606 
loops back to the act 604 to generate another list of schedulable time blocks for another shift, so 
that an appropriate opening can be found. 

Figure 7 is a process diagram of a method 700 for assigning an order after an 
opening in a schedule has been found according to one aspect of the present invention. The 
method 700 includes an act 702. The act 702 assigns the order to the opening in the schedule. 
The act 702 follows the termination of the execution of either the method 500 of Figure 5 or the 
method 600 of Figure 6 if the method 500 or the method 600 produces an opening appropriate for 
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fitting an order. The act 702 inserts the order into the opening with the confidence that the 
opening has sufficient time to fit the order. 

Li one embodiment, the schedulable time block from which the opening is derived 
may contain more time than is required to fit the order. The act 702 enhances the schedulable 
time block so that there is an appropriate fitting given the size of the opening. The act 702 may 
consider reinserting other assigned orders that were bumped or removed to make room for the 
unassigned order. 

The method 700 progresses to an act 704. The act 704 updates a tour time of the 
shift containing the order. The act 704 increments the tour time of the shift by the time required 
to travel to the order along with the time needed to travel to the next order. The act 704 may also 
update the load level of the shift to reflect the order. The load level of the shift denotes the 
percentage of the time of the shift that is dedicated to working on assigned orders. The service 
organization may impose a load hmit on each shift. For example, a low load limit may be placed 
on a shift of an experienced technician so that the technician maybe available for most of the day 
to troubleshoot emergencies. 

The method 700 progresses to an act 706. The act 706 attempts to aggregate 
assigned orders in a shift. Aggregation is a technique used to enhance a shift of a worker. The 
embodiments of the present invention allow reservations that are similar in some way to be 
aggregated or grouped together so that they are assigned one after the other to the shift of a 
worker. For example, reservations that are for the same apartment building or in close proximity 
might be aggregated. 

There are at least two uses of aggregation. When accurate travel time information 
does not exist, aggregation allows reservations that are in close proximity to be identified, such 
as by a common street address or zip code. When accurate travel time information does exist, 
aggregation brings together reservations that are closely related to be assigned to the same mobile 
service representative, preventing more than one mobile service representative from showing up 
in roughly the same location at the same time. 

The method 700 progresses to an act 708. The act 708 defragments a set of free 
time blocks in the shift. A shift may contain a number of free time blocks. But each free time 
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block may be scattered throughout the shift with very limited duration to fit unassigned orders. 
The act 708 defragments the free time blocks so as to create one or more usable free time blocks 
with greater duration so as to fit unassigned orders. 

The method 700 progresses to an act 710, The act 710 commits the shift with the 
order fitted in the opening to a database. Any suitable databases may be used. One example of a 
suitable database includes an Oracle database. 

CONCLUSION 

What has been discussed hereinbefore is a technique for assigning an order for 
service to an opening in a schedule so as to allow a service organization to address the 
preferences of customers while allowing the service organization to satisfy constraints placed on 
the scheduling system and to meet business objectives. A scheduling system comprises three 
main components. The negotiator interacts with customers to negotiate an appointment window 
to perform the service specified in the reservation. The assigner assigns the reservation to a shift 
of a desired mobile service representative. And the optimizer continuously optimizes the 
schedule in the background. The embodiments of the present invention focus on providing one 
or more openings within a predetermined period of time for the negotiator to interact with 
customer in a timely manner. Because customers dislike waiting on the phone for an extended 
period of time, the embodiments of the present invention enable the negotiator to work fast 
enough to obtain an agreeable time window and the worker to perform the service requested. 

Although the specific embodiments have been illustrated and described herein, it 
will be appreciated by those of ordinary skill in the art that any arrangement calculated to achieve 
the same purpose may be substituted for the specific embodiments shown. This application is 
intended to cover any adaptations or variations of the present invention. It is to be understood 
that the above description is intended to be illustrative, and not restrictive. Combinations of the 
above embodiments and other embodiments will be apparent to those of skill in the art upon 
reviewing the above description. The scope of the invention includes any other applications in 
which the above structures and fabrication methods are used. Accordingly, the scope of the 
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invention should only be determined with reference to the appended claims, along with the fall 
scope of equivalents to which such claims are entitled. 
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